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Abstract 
Member states of the European Union have undertaken to reduce GHG emissions and to achieve targets in 2020 and 
2030. By using the system dynamic model, it is possible to analyze the possible GHG emission reduction, and the 
impact of suggested policy instruments on this reduction. 
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1. Introduction 
Each Member state has undertaken to reduce the greenhouse gas (GHG) emissions and to achieve targets 
set for 2020 and 2030. Energy strategy 2020 sets forth that the primary energy consumption should be 
reduced for 20% (compared to the forecasted development tendency),  portion of the renewable energy 
sources (RES) into the total energy consumption should be increased by 20%, and greenhouse gas emissions 
should be reduced for 20% compared to 1990 level. Strategy 2030, in its turn, includes targets and result 
indicators for 2030, when 50% portion of RES into the total energy consumption should be ensured, import 
of energy and energy sources from the third state suppliers should be reduced for 50%, and average heat 
power consumption for heating should be reduced for 50% compared to the current showing, which 
including the climate correction is approximately 200 kWh/m2 per year. 
Target of the Europe’s Effort Sharing Decision is to reduce the GHG emissions at the non-Emissions 
Trading Systems (non-ETS) sector for 10% until 2020, compared to 2005. If comparing ETS sector to the 
non-ETS sector, the Europe’s Effort Sharing Decision is not widely discussed into scientific publications. 
[1] Only some authors have included into the scientific publications the information on intra-EU flexibility 
of the non-ETS emission reduction obligations, the use of cleaner production mechanism at the non-ETS 
sector, and the analysis on top-down approaches for sharing GHG emission reductions in the non-ETS. 
[2;3;4] Europe’s Effort Sharing Decision permits each Member state to define and implement policy and 
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measures for GHG emission reduction in the non-ETS sector. These may include use of biofuel into the 
transport sector, or energy efficiency measures at the residential sector. In the energy sector, measures may 
be implemented which relate to the use of renewable sources of energy or introduction of highly efficient 
technologies. [1] The Nordic non–ETS energy sector includes energy production both at small energy 
sources, the input capacity of which is below 20MW, small industrial companies and individual consumers 
of energy resources. Link between energy sources and end-consumers of energy is demonstrated into Figure 
1. 
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Fig 1. Sectors of energy end-consumption and their link to non-ETS sectors of energy production 
For each Member state of the European Union to reduce greenhouse gas emissions and to attain targets 
set for 2020 and 2030, possibilities should be analyzed and attainment of these targets should be 
substantiated. This article is devoted to the modelling of GHG with the help of a system dynamic model. 
2. Methodology 
There are five main steps in creating a system dynamic model: problem formulation, creating a dynamic 
hypothesis, model formulation and simulation, model testing and policy design and testing. The time 
interval of modelling is one year. Period of modelling: 2005 until 2030. Historic data are used to validate 
the model for the period from 2005 until 2012. 
The following technologies are used in the electric power production sector: natural gas, biomass, solar 
power, wind power, high-capacity hydroelectric stations, and biogas. The following technologies are used 
in the heat power production sector (both for the purposes of the centralized heat supply systems and 
individual heating): natural gas, oil products, coal, biomass and solar power. 
Resolutions made at the energy production sectors are modeled based on the costs of one unit of the 
produced energy (MWh). In order to mathematically evaluate consumer preferences as to the technologies, 
the logit function is used [5]. Investor selects technology, for which this value is the lowest.  
Within the model, it is being considered that decisions are made with a delay, and that not all investors 
select the solution, which is most advantageous from the financial perspective. One of the reasons for such 
behavior is the number of several barriers, which exist during the decision making process. These barriers 
may relate to the installation of technologies, for instance, accumulation reservoir and fuel storage place 
should be installed for the biomass heating boilers, while solar power collectors require only the 
accumulation reservoir, but heat pumps entail soil digging works. [6;7;8]  
Considerable barriers occur also during the use of technologies, for instance, lack of a proper 
infrastructure – direct supply of biomass to small consumers is not ensured, cleaning of ashes from biomass 
boilers, lack of knowledge on technologies, prejudices etc. [6;7]. At the model, barriers are expressed in 
the form of inconvenience costs. For instance, as showed by historic data on fuel used in energy supply of 
Latvia, although biomass is financially the most advantageous fuel, energy producers and consumers are 
not in a hurry to shift to this fuel, continuing instead to use the more expensive fossil fuels. This confirms 
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a substantial barrier, that is, presence at the market of high inconvenience costs. This coincides with the 
experience of other states. [6;7;8] 
Also at the energy consumption sector, the resolution to perform energy efficiency measures depends 
on the financial advantages and existing barriers (inconvenience costs), for instance, inconvenience to 
install or change equipment, lack of knowledge on technologies, lack of financing, prejudices, fear etc. The 
underlying structure of the system dynamic model of energy non-ETS sector is explained into the causal 
loop diagram demonstrated in Figure 2. 
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Fig 2. Diagram of main causal loops for the energy sector 
In the model, there are six main positive or intensifying loops, and one negative or balancing loop. The 
loop P1 shows, how the installed capacity of renewable sources of energy (RES) and the installed capacity 
of fossil fuel mutually interact – the higher the RES capacity, the lower the capacity of fossil fuel, and vice 
versa. The loops P2 and P3 explain internal dynamics of each energy resource group. The basis of both 
positive loops is formed by dynamic behavior, which depends on the installed capacity; when the installed 
capacity grows, the specific capital costs fall, as prices diminish, when the number of technologies available 
on the market increases. When the specific capital costs decrease, the production tariff decreases as well. 
The lower the tariff, the larger becomes the market share of the technology (including the worn-out 
capacities and new capacities). The higher is the proportion of the technology on the market, the higher are 
the investments into the installed capacity. Increase of capacity takes places with a delay. Fuel costs have 
significant impact on system behavior – the higher the fuel costs, the higher the tariff. 
At the energy consumption sector, the main value of the loops is the speed for implementation of energy 
efficiency measures. Net benefit increases, in case the number of energy efficient energy consumers grows 
into the positive loop P4 (net benefit loop). A time period lapses between the real situation and the moment, 
when human mind perceives this situation, and often this time period is relatively long, therefore 
information delay occurs. In the model, this delay is reflected in causal connection between net benefit and 
perceived net benefits.  This delay may last even for several years, and a possibility exists, that some people 
may ignore this information in total. In case the net benefits rise, the perceived net benefits also rise, 
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however, in case perceived net benefits rise, the speed of building heat insulation also grows. In case the 
speed of energy efficiency measure implementation rises, the number of energy efficient energy consumers 
increases, but this takes place with a delay, as time passes while implementing the energy efficiency 
measures (delay of materials). As this loop is ignored by many, the process takes place very slowly. 
The inconvenience costs diminish, when number of heat insulated buildings grows into the positive loop 
P5 (loop of inconvenience costs). A time period lapses between the real situation and the moment, when 
human mind perceives the situation, and often this time period is relatively long, therefore information 
delay occurs. In the model, this delay is reflected in causal connections between inconvenience costs and 
perceived inconvenience costs. This delay may last even for several years, and a possibility exists, that 
some people may ignore this information in total. In case inconvenience costs diminish, the perceived 
inconvenience costs diminish as well. In case inconvenience costs diminish, the speed of energy efficiency 
measure implementation grows. When the speed of energy efficiency measure implementation rises, the 
number of energy efficient energy consumers rises as well, however, this takes place with a delay (delay of 
materials).  
In case number of energy efficient energy consumers rises at the positive loop P6 (“from mouth to 
mouth” or loop of the information spread), the information level of energy consumers rises. When the 
information level grows, the speed of energy efficiency measure implementation also increases. Provided 
the speed of energy efficiency measure implementation grows, the number of energy efficient energy 
consumers rises with a delay.  
All three positive loops P4, P5 and P6 with a delay are hindered by the negative loop N1. In case the 
number of energy efficient energy consumers grows, the number of energy inefficient energy consumers 
drops, therefore the speed of energy efficiency measure implementation decreases, as there are no more 
consumers requiring energy efficiency measures. The number of energy efficient consumers is affected by 
the total number of energy consumers. This loop switches on very late – it operates only at the very end of 
the diffuse process. 
In the diagram, red color is used to depict the system’s pressure points or policy instruments, which are 
required to reduce the impact of energy sector on the environment and GHG emissions. At the energy 
sector, the policy instruments include subsidies to RES, and information to the owners of energy sources 
on use of RES to obtain energy. At the energy consumption sector, in its turn, the policy instruments are 
directed at the reduction of inconvenience costs, increase of net benefits and rise in information 
dissemination. 
Availability and quality of data always constitute an important issue into all modelling researches. No 
model exists that would describe the analyzed system perfectly. Simulation data demonstrate only the 
tendency, not precise figures. Validation of system dynamic model allows understanding, whether the 
particular model is fit for the envisaged use [9]. This allows forming a model that can be trusted, based on 
observations and data from a real system [10;11]. Barlas [10] explains why data availability is not 
significant for creation of a good system dynamic model. Evans [12] states that model calibration and 
validation can be done by using data from both data and literature. 
3. Results 
The formed system dynamic model is tested for the non-ETS energy sector of Latvia. Three scenarios 
for GHG emission target are analyzed (see boundary lines in figures 3 and 4): 
1. In 2020 GHG emissions exceed the 2005 level for 17%; 
2. In 2030 GHG emissions remain at the 2005 level; 
3. In 2030 GHGH emissions are 10% below the 2005 level. 
The reference or base scenario characterizes the situation, when syem develops without implementation 
of any additional policy measures. In case in the non-ETS sector no policy instruments are used in addition 
to those, which are already effective or planned, GHG emissions in 2030 are a little above the target “GHG 
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emissions as at 2005”, reaching 1.99 million tonnes CO2 per year. The GHG emission reduction is present 
in the production of electric power, the use of oil products and coal at individual heat sources, as well as in 
the natural gas consumpation within the centralized district heating. However, increase in natural gas 
consumption at individual heat sources rises. By using the modeling, 8 policy scenarious are simulated. 
Results of three scenarious are described in this paper. Results of the reference scenario are illustrated in 
figures 3 and 4, and compared to the results of the rest two scenarious. 
 
 
Fig 3. Reduction of GHG emissions under scenario 1 
Scenario 1: energy efficiency measures at end consumers in all sectors are subsidized, and information 
campaign on energy efficiency measures takes place. In figure 3, it can be seen that GHG emissions reduce 
for 0.1 GgCO2, if compared to the base scenario. To introduce this scenario in the period of time from 2016 
to 2030, state aid at the amount of 560 million EUR will be required. 
 
 
Fig 4. Reduction of GHG emissions under scenario 2 
Scenario 2: energy efficiency measures at end consumers in all sectors are subsidized, information 
campaign on energy efficiency measures takes place, capital costs of renewable energy sources are 
subsidized, information campaign on the use of renewable energy sources takes place and fuel costs of 
renewable energy sources are subsidized. Figure 4 shows that GHG emissions reduce for 0.51 GgCO2, if 
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compared to the base scenario. In order to introduce this scenario in the period of time from 2016 until 2030 
state aid at the amount of 1.4 billion EUR would be required. 
When implementing Scenario 1, the cumulative GHG emission reduction is 0.25 million tons of CO2 , 
if compared to the base scenario. In order to implement this scenario, in the period of time from 2016 until 
2030 state aid at the amount of 500 million EUR would be required. Under Scenario 2 the cumulative GHG 
emission reduction is 1.2 million tonnes of CO2, if compared to the base scenario. In order to implement 
this scenario in the period of time from 2016 until 2030 state aid at the amount of 930 million EUR will be 
required. GHG reduction measures can be implemented one by one, without performing other mesaures.  
Modelling of all suggested measures commences in 2016. The more into the future the commencement 
time for measure implementation is shifted, the smaller the GHG reduction that can be attained by 2030. 
However, in case all these measures are performed simultanously, the most important difference lies 
into the summary effect formed by all of them jointly, that is, rise in the number of energy sources, which 
shift from fossil fuel to renewable energy sources, the volume of the required energy efficiency measures 
decreases, as well as the sum required for biomas fuel subsidies substantially declines, as the total capacity 
of the installed boilers reduces owing to the energy efficiency measures.  
4. Conclusions 
The system dynami model allows analyzing the possible GHG emission reduction and impact on this 
reduction caused by the suggested policy instruments. The model allows for evaluation of economic and 
financial factors. Testing of the system dynamic model on the conditions of Latvia demonstrates that most 
effect in GHG emissionr eduction can be achieved by substituting the fossil fuel with the renewable energy 
sources. In order to implement such mesures, not only capital investments should be considered, but also 
the inconvenience costs, which are related to the shift of boiler houses from the natural gas to biomass. 
Important role is played by information campaigns, which help rising awareness of the non-ETS sector 
participants. Energy efficiency measures at the side of the energy consumer are comparatively more 
expensive and produce smaller effect on the GHG emmission reduction. 
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